INTRODUCTION
The inotropic and chronotropic effects of several hormones including the catecholamines, glucagon, and thyIrwin Klein is a second year medical student, New York University School of Medicine.
Received for publication 27 October 1970. roid hormone are thought to be mediated by the adenyl cyclase-cyclic 3',5'-AMP system (1-3). Histamine has also been shown to have positive inotropic and chronotropic effects (4) (5) (6) (7) (8) . Two recent studies demonstrated that histamine activates adenyl cyclase in cerebellum (9) and gastric mucosa (10) , and it is thought that the resultant increase in cyclic 3',5'-AMP mediates the histamine response in these tissues. The purpose of the present investigation was to determine the effects of histamine on adenyl cyclase in particulate fractions of guinea pig hearts and the relationship to the catecholaminemediated activation of adenyl cyclase in these same preparations. The effect of histamine on adenyl cyclase in particulate fractions of cat and human heart was also examined.
METHODS
Left ventricular muscle was obtained from normal guinea pigs, and a single guinea pig was used for each experiment.
After the animals were anesthetized with pentobarbital, the heart was quickly excised. The cyclic 3',5'-AMP-8'P accumulated was determined as previously described (3).
Histamine phosphate was a gift from Eli Lilly & Co., Indianapolis, Ind., DL-propranolol was from Ayerst Laboratories, New York, and diphenhydramine hydrochloride (Benadryl) was from Parke, Davis & Co., Detroit, Mich.
RESULTS
Effect of histamine on adenyl cyclase in guinea pig, cat, and human heart particles. Histamine, 3 X 10' moles/liter, increased cyclic 3',5'-AMP accumulation approximately 300% in the guinea pig, 60% in the cat, and 90% in the human heart particles ( Table I) . The increase in cyclic 3',5'-AMP was dose related over the concentration range 3 X 10-' moles/liter to 3 X 10' moles/liter in the guinea pig heart particles ( Fig. 1) . Half-maximal activity was approximately 9 X 10' moles/ liter almost identical with that observed for norepinephrine in the same preparation. Concentration response relationships were not examined in the cat or human hearts.
Since an accumulation of cyclic 3',5'-AMP can occur as a result of phosphodiesterase inhibition as well as adenyl cyclase activation, we examined the effect of histamine on phosphodiesterase. (Fig. 2) . The same concentration of diphenhydramine failed to abolish the norepinephrinemediated activation.
Effect of DL-propranolol on the histamine-mediated activation of adenyl cyclase. The beta receptor-blocking agent, DL-propranolol, 1 X 10' moles/liter, abolished the activation of adenyl cyclase produced by norepinephrine, 5 X 10' moles/liter (Fig. 3) . However, DL-propranolol did not abolish the histamine-mediated activation (Fig. 3) . Effect of combined maximal doses of histamine and norepinephrine on adenyl cyclase. An additive response was observed when combined maximal concentrations of histamine (3 X 10-' moles/liter) and norepinephrine (5 X 10' moles/liter) were incubated together ( higher than that produced by either hormone alone (P <0.02).
DISCUSSION
Histamine has been shown to have positive inotropic and chronotropic effects on the isolated hearts of guinea pigs, cats, and rabbits (4) (5) (6) (7) (8) (9) . Several lines of evidence indicate that these effects of histamine are independent of the adrenergic nervous system. First, reserpine pretreatment does not alter the responsiveness of the heart to histamine (4, 5) . Second, beta adrenergic-blocking agents such as dichloroisoproterenol and DL-propranolol do not abolish the histamine-mediated augmentation of contractility and heart rate (4-7). Dean reported that propranolol and pronethalol produced a slight shift in the histamine dose response curve; however, the effect of the blockers was less pronounced as compared with the alteration produced on the norepinephrine dose-response curve, and he concluded that the antagonism was due more to a nonspecific local anesthetic effect than to a specific beta blockade. Studies of the effects of antihistamines on the inotropic and chronotropic effects of histamine have produced conflicting results. Trendelenburg reported that pyrilamine and tripelennamine did not antagonize the responses of isolated cat and guinea pig atria to histamine (4). Bartlet found that mepyramine and diphenhydramine did not antagonize the action of histamine on the isolated guinea pig heart (6). On the other hand, Mannainoni reported that diphenhydramine abolished the histamine effect on isolated guinea pig atria (5) , and Dean demonstrated that pyribenzamine antagonized the histamine-mediated increases in contractility and rate in rabbit atria while the norepinephrine-mediated responses were unimpaired (8) . The reasons for the conflicting data are not clear.
Other hormones having positive inotropic and chronotropic effects on the heart including the catecholamines and glucagon, are thought to exert their effects by increasing the intracellular levels of cyclic 3',5'-AMP resulting from activation of adenyl cyclase (12, 13) . Phosphodiesterase inhibitors potentiate the inotropic and chronotropic responses of the catecholamines (14) , an effect also observed with histamine (8) . Therefore, it has been postulated by P6ch and Kukovetz (7) and Dean (8) that the cardiac actions of histamine are mediated by the adenyl cyclase-cyclic 3',5'-AMP system.
The results of this investigation clearly indicate that histamine has the capacity to activate adenyl cyclase in particulate fractions of guinea pig, cat, and human heart homogenates. The histamine-mediated activation of adenyl cyclase is abolished by the antihistamine, diphenhydramine hydrochloride, but not by the beta adrenergicblocking agent, DL-propranolol. In contrast, the nor-epinephrine-mediated activation of adenyl cyclase is abolished by DL-propranolol but not by diphenhydramine hydrochloride. The data suggest the presence of separate receptors in the heart for histamine and norepinephrine. Kakiuchi and Rall described the histamine-mediated increase in cyclic 3',5'-AMP in rabbit cerebellum (9) . They found that the histamine effect on cyclic 3',5'-AMP production was blocked by diphenhydramine but not by beta-blocking agents. Furthermore, they reported that histamine and norepinephrine in combination produced additive effects on cyclic 3',5'-AMP accumulation. We observed similar findings in the guinea pig heart; maximal concentrations of histamine and norepinephrine produced additive effects on the accumulation of cyclic 3',5'-AMP. These results suggest that there are separate adenyl cyclase systems for histamine and norepinephrine. However, definitive proof would require physical separation of the two enzymes.
The physiologic role of histamine in relationship to the inotropic and chronotropic effects observed in experimental preparations has not been defined. However, histamine appears to be an important factor in anaphylaxis in guinea pigs, dogs, and man, and Bernauer and Hahn have postulated that histamine may be the mediator of the tachycardia seen in anaphylactic states (15) . In any event, the data presented in this study provide evidence that the inotropic and chronotropic effects of histamine are mediated by cyclic 3',5'-AMP.
